A taxonomic revision of Juncus bulbosus L. complex is given. A comparative analysis is presented of selected qualitative and quantitative characters for the identification of subspecies within the bulbous rush. As a result of extreme ecological variation/plasticity in the morphology of the species, only a few metric characters (of flowers and fruits) are useful for subspecies determination; non-metric characters are more applicable. In spite of some overlap of the morphological variation in the features, a detailed analysis of the variation patterns and instructions for reliable identification of both subspecies are given. An identification key is provided in the form of tables and, finally, as brief comparative descriptions.
INTRODUCTION
Juncus bulbosus L. (1753) and Juncus kochii F. W. Schultz (1855) have been lectotypified recently (Proćków 2002 (Proćków , 2006a (Proćków , b, 2008 . The new synonym of the latter -Juncus supinus var. nigritellus W. D. J. Koch, nom. illeg . non (D. Don) F. W. Schultz -has also been reported (Proćków, 2006a (Proćków, , 2007 . It was not mentioned in the best modern study of the family Juncaceae (Kirschner, 2002) . There were, and still are, many doubts as to whether J. kochii is a distinct taxon, and what rank it should be given. At present, it is best regarded as one of the two subspecies of bulbous rush: J. bulbosus L. subsp. kochii (F. W. Schultz) Reichg. (for example, Casper & Krausch, 1980; Rothmaler, Schubert & Vent, 1986; Oberdorfer, 1994; Rutkowski, 1998) . Only early authors treated it as a bulbous rush variety (for example, Schultz, 1842 Schultz, -1854 Koch, 1844) . However, Hård av Segerstad (1923) , Benoit (1954) , Lid (1963) , Benoit & Allen (1968) , and Hultén & Fries (1986) kept it separate (from J. bulbosus) and treated it as a species. In turn, Snogerup (1972 Snogerup ( , 1980 , Duvigneaud (1979) , and Kirschner (2002) found it impossible to keep the species separate, and regarded J. kochii F. W. Schultz simply as a synonym of J. bulbosus L. because, as they explained, 'the characters [6 small stamens, a retuse capsule and acute outer tepals] are only occasionally correlated, and all kinds of intermediates are found. The occurrence of the "kochii" types is not geographically limited, and often single populations appear to contain representatives of both "species" '.
The main reason for such diverse opinions is the fact that both subspecies of J. bulbosus s.l. are extremely variable. They can grow to only 2 cm in height (ecological modification 'pygmaeus'), through its 'normal' terrestrial modification ('terrestris'), or with slightly elongate shoots in swampy places ('uliginosus'), or up to 200 cm long, floating in water ('fluitans'). Most of the metric morphological characters are very variable and strongly dependent on the water level in a given season -specimens which are 'almost completely' dissimilar can be found in the same water body in consecutive years.
The main objective of this study was to perform a comparative analysis of selected qualitative and quantitative characters which might be useful for subspecies identification. In spite of some overlap of the morphological variation in the features, a detailed analysis of the variation patterns and instructions for reliable identification of both subspecies are given. The resulting identification key is presented as a series of tables and, finally, as brief comparative descriptions.
MATERIAL AND METHODS
For purposes of biometric analysis, a considerable search for material of J. bulbosus s.l., mostly from various European countries, was made throughout several possible herbaria. A detailed list of the relevant material was compiled (available from the author on request). All the material listed below was analysed with respect to non-metric characters. Material for biometric analysis from particular herbaria (marked with an asterisk) was selected at random.
A total of 2018 (including 675*) plant specimens of J. bulbosus subsp. kochii were examined (analysis of non-metric/metric* characters) from 501 (including 165*) herbarium sheets (from B*, BM*, BR*, C*, DBN*, ER*, GOET*, H*, HAL*, HBG*, JE*, KRA, L*, LAU, LG, LISU, M*, MA, MSB*, P, POLL*, POZ, S*, TUB*). The collections come from (west to east): Portugal* (including Azores), Spain, France*, Ireland*, Northern Ireland*, Scotland* (including Western Isles* and Shetlands), Wales*, England*, Belgium*, Holland, Germany* (including specimens from the locus classicus*), Denmark* (including Faroe Islands*), Norway*, and Sweden*. From within this range, the following parts of the plants were randomly selected (*) and measured: 358 mature anthers, 353 filaments, 353 perianth segments, 249 capsules, and 214 seeds. In order to determine the variation in the number of flowers in the heads, 588 randomly selected heads from LG, GOET, HAL, and ER were analysed. All of these specimens corresponded well with Schultz's concept of J. kochii, but attempts were made to find other characters (not mentioned in the protologue -see below, and by subsequent authors as well) which would be useful from the taxonomic viewpoint when determining subspecies.
The main part of the protologue of J. kochii F. W. Schultz (1855) A total of 3868 (including 784*) plant specimens of J. bulbosus subsp. bulbosus were examined (analysis of non-metric/metric* characters) from 774 (including 115*) herbarium sheets (from B, BIL, BM, BR, C, DBN*, GOET, H*, HAL, HBG*, KRA, L, LAU, LG, M, MA, MSB*, POZ, S*, SZCZ, TAA, TRN, WA, WRSL*, WSRP, and herbarium of the Department of Biodiversity and Plant Cover Protection, Wrocław University*; for acronyms of Polish herbaria not mentioned in the Index Herbariorum, follow Mirek, Musiał & Wójcicki, 1997) . The collections come from (west to east): Iceland, Portugal, Spain, France, Ireland*, Scotland (including Orkney Islands), England*, Belgium*, Holland, Switzerland, Germany* (including Frisian Islands), Austria, Denmark (including Faroe Islands), Norway (including Lofoten Islands), Sweden*, Poland*, Hungary, Latvia, Estonia, Finland*, Russia* (including Gulf of Finland*), Algeria, Tasmania, New Zealand, Nova Scotia, and Newfoundland. From within this range, the following parts of the plants were randomly selected (*) and measured: 333 mature anthers, 333 filaments, 333 perianth segments, 483 capsules, and 177 seeds. In order to determine the variation in the number of flowers in the heads, 903 randomly selected heads from LG, HAL, and GOET were analysed.
The characters considered to discriminate between the taxa by previous authors were included, but nonmetric features in particular -considered to be more applicable in this case (see 'Introduction') -were analysed in detail. Generally, the present study uses methods similar to those employed in the research of Juncus buffonius agg. by Cope & Stace (1978) to distinguish the taxa, with some additional specifications as stated here. The measurements were taken to the nearest 0.029 mm. For graphic representation, all the measurements were grouped in size classes of the same intervals: 18 such classes for anthers (I, 0.17-0.20 In addition to the range of the most frequent values, their percentages (in square brackets) in all the samples of the respective category are given; for distinguishing characters, the value was in the range 71.2-79.1%. In the tables all diagnostically important characters are indicated in bold. The bulbous rush fruits were measured excluding the mucros (which was not clearly stated by Cope & Stace, 1978) , which are usually short within this species.
RESULTS

STAMENS
1a. Length of outer anthers
The length of the anthers is generally a rather good diagnostic character, although the variation curves overlap to a fairly large extent (Fig. 1, Table 1 ). It should be remembered that the measurements included only anthers from the outer whorl of the androecium (in subsp. bulbosus, the inner whorl is most often absent; see Table 1 ). In addition, it is noteworthy that specimens from habitats which are strongly flooded during the flowering period (flowers at their first stage, after the buds open, permanently or temporarily submerged in water) may have anthers (and perianth) which are much more elongated (for example: for subsp. kochii, K. Hansen 11638 at C; for subsp. bulbosus, based on my own field observations in south-west Poland) (Fig. 2) .
1b. Number of filaments
It should be noted that anthers fall off very easily (often even during examination of herbarium materials), and thus Schultz's original use of the 'number of filaments' (and not the number of anthers or stamens, as reported by various later authors) is the most practical approach (Proćków, 2006a) . For subsp. bulbosus, in exceptional cases in which there are more than three filaments, a good diagnostic character is a combination of the number of filaments and the anther/outer filament (or filaments of both whorls) length ratio (Table 2) .
1c. Length of filaments
The length of the filaments in the two subspecies shows a very similar normal distribution and thus is not diagnostic. For subsp. bulbosus, only a slightly extended range of filament lengths (towards higher values) was found (Table 3) .
1d. Anther/filament length ratio
Because the filament length is comparable in the two subspecies (see 1c; Table 3 ), the distribution of the Because of the considerable overlap of the variation ranges, the ratio is less significant from a diagnostic viewpoint, although, in his protologue, Schultz (1855) Proćków, 2006a Proćków, , 2008 for more details) generally confirm this principle, but do not represent the whole range of variation within the taxon. In spite of this, in the case of J. bulbosus subsp. bulbosus, the anther/filament length ratio seems to be a good diagnostic character, although only when combined with the anther length (see Table 4 ). It should be noted that the range of variation of this ratio is much wider (than only 1 : 1) in the nominate subspecies. It should be noted that, for 1a, 1c, and 1d, the anther and filament measurements should not be taken from flowers in their initial phase (i.e. just after bud opening), as the filaments may not have reached their full length, and the anthers are usually long and massive because they are swollen with pollen ( Fig. 2B ) which has not dispersed (these facts will affect the results of the length measurements and thus the values of the anther/filament length ratio). Ravnagjógv, 8.viii.1960, No. 5196; B, Suderø: Húsgards Hagi, 10.vii.1960, No. 58; C, D, Sandø: Skarvanes-Stórafjall, 27.vii.1960, No. 4107; E, Norderøerne: Depilsknúkur, 30.vii.1961 , No. 7774 . F, H, FINLAND, Perä-Pohjanmaa: Ylitornio, Kaulinranta, Suolamaa, 20.vii.1980 Anther/filament length ratio intervals 
PERIANTH
2a. Length and termination of outer perianth segments
The length of the outer perianth segments in the two subspecies differs clearly macroscopically. However, the variation ranges overlap considerably (Fig. 4 , Table 5 ). This results from the way in which the outer perianth segments terminate (Table 5 ): in subsp. kochii, they are most often acuminate and usually long-awned (i.e. terminated by a long, hair-like awn), whereas, in subsp. bulbosus, they are acute (and thus not long-awned). As a result, macroscopically, the external perianths in subsp. kochii seem to be much shorter (than their actual length), as their surface is clearly smaller. In the case of the outer perianth segments, a qualitative rather than metric character is essential (their method of termination). Moreover, specimens from habitats which are flooded during the flowering period may have elongated perianths (see 1a above; for example, for subsp. kochii -K. Hansen 11638 at C and BM 577854). The perianth length in starved forms of the nominate subspecies (such forms were rather few in the sample: ecological modification 'pygmaeus') are within the lower intervals of the variation range (for example, H 233582). However, small values of the perianth length are also often found in typical specimens (i.e. both shorter and longer flowers are found within the same inflorescence).
2b. Termination and membranation (scarious margins) of inner perianth segments
The termination of inner perianth segments differs rather clearly between the subspecies (Table 6 ). The inner perianth segments in subsp. kochii most often have very narrow scarious margins (although not always), and, in subsp. bulbosus, they are more often widely membranate (although again not always) (see Table 6 ).
2c. Length ratio of outer/inner perianth segments
The length ratio of the perianth whorls can be regarded as diagnostic, as the exceptions pertain most often to very few flowers within the plant (see Table 7 ). However, it should also be noted that Kirschner (2002) reported that, 'the tepals [of J. bulbosus s.l.] are equal or the outer ones are slightly longer'; this disagrees with the observations noted here (Table 7) .
2d. Colour of perianth segments
The perianth colour, in spite of the great variation in subsp. kochii (see Table 8 ), can be regarded as a good diagnostic character, although it should be assessed in a good light and under a stereomicroscope, not by the naked eye.
2e. Shape of perianth segments
The shape of the perianth segments seems to be a good diagnostic character, but, because of the rather small differences, requires experience and knowledge of the variation range ( Fig. 2A-E) , i.e. most often long-awned (terminating with a thin, hair-like awn) or with a sharp, long and thin hair-like spine on top Acute (Fig. 2I-K) (thus never long-awned), although sometimes with a rather massive short spine on top (Fig. 2I, J) , quite exceptionally obtuse (Fig. 2L) in the two subspecies (such values are, however, found in a small number of samples; Fig. 5 , Table 10 ).
3b. Capsule/perianth length ratio
The capsule/perianth length ratio is not a good diagnostic character, as all combinations are found in each subspecies (see Table 11 ). Thus, the results presented here are different from the data of Benoit (1954) , who stated that J. kochii has 'capsules usually exceeding the perianth' and that J. bulbosus has 'capsules about equalling or rather shorter than the perianth'. However, Benoit & Allen (1968) 
3c. Capsule shape and colour
The shape of the capsules is generally a rather good diagnostic character, although it should be remembered that, in subsp. kochii, it varies greatly. The capsule colour is a good diagnostic character (Table 12 ).
SEED LENGTH AND WIDTH; SEED LENGTH/WIDTH RATIO
The seed length and width are not good diagnostic characters, as their distribution is very similar in the two subspecies. The seed length/width ratio for subsp. kochii, when grouped into size classes (see 'Material and methods'), is slightly more displaced towards lower values (Fig. 6) . Based on the proportion in particular size classes, the displacement of the curve for subsp. kochii does not make it a good diagnostic character (Table 13 ).
SHOOT HABIT AND HEIGHT, VIVIPARITY, AND SHOOT COLOUR
The habit of typical shoots (i.e. in terrestrial specimens), viviparity, and shoot colour are fairly good diagnostic characters. The typical shoot height and habit of ecological modifications are less clearly expressed, and the last character can be used only by experienced florists (Table 14) . 
Termination of inner perianth segments
Usually acute ( Fig. 2A, B, D) or acuminate (Fig. 2E) , often with protracted point (or long-awned) or dagger-like prolonged (when dry the membranous apices may be irregularly coiled and, at first glance, seem to terminate bluntly); rarely (and only in a part of the flowers within the plant), the apices of inner perianth segments really rounded, blunt (see H. Schwers, 19.viii.1904 at LG and BM 577910) Usually obtuse (Fig. 2F, I -L), most often gently rounded (sometimes in dry specimens the wide scarious margin coiled and then the segments seem to terminate sharply); very rarely, inner perianth segments ± sharp ( Fig. 2H; (Fig. 2E) [less often the reverse is true ( Fig. 2A, B) , usually only in a few flowers within the plant]
Outer perianth segments usually clearly shorter than inner perianth segments (Fig. 2J-L) [less often equal or longer (Fig. 2I, J) and usually only in a few flowers within the plant]
NUMBER OF FLOWERS IN HEADS
Some identification keys (for example, Rothmaler, 1966; Rutkowski, 1998) , when distinguishing between the subspecies, use the number of flowers in the heads (in subsp. kochii, 'head most often of 10-12 flowers'; in subsp. bulbosus, 'head most often of 2-6 flowers').
Based on the present analysis, it was found that the heads in subsp. kochii are composed of, at most, nine flowers, which happens only sporadically; most often they contain (2)3-4 flowers, and thus the distribution of the character resembles that in the nominate subspecies (Fig. 7) . It cannot be excluded that a small percentage of populations of subsp. kochii may have a larger number of flowers in the heads, but the character cannot be regarded as diagnostic.
DISTRIBUTION
The two taxa also show differences in their distribution. (Fig. 2I, L) Specimens which ceased to flower long ago, and in which the scarious margin of the inner perianth segments is damaged, should not be analysed -such segments may then be narrowly lanceolate Fig. 2A, D) than or equal to perianth segments, although not always, as some capsules within the plant may be longer (Fig. 2C ) than the perianth (but sometimes only slightly, rarely considerably longer)
Capsule often longer than perianth segments (Fig. 2F , I-L) (although not always; Fig. 2H ) (Fig. 2F, H-L) , although often to a considerable degree suffused with cherry/claret colour (Fig. 2J) Much less often segments greenish (i.e. in places greenish brightenings of the dark surface of the segment; Fig. 2B , E) or green*, and then additionally often dark (brown) or cherry membranate ( Fig. 2D ) (although not always); quite exceptionally all perianth segments entirely pure green, i.e. with no dark scarious margins (see BM 577843 -ecological modification 'fluitans') *Sometimes even all perianth segments bright green or, if not all, then dark segments mixed with pure green and/or cherry suffused segments; sometimes in such a way that particular inflorescence heads are unicolour or, over a considerable area, a large part of green segments within the plant suffused with cherry brown.
and north-western Sweden at most (it is a rather oceanic plant), and therefore it is regarded as an infraspecific taxon of subspecies rank (see Stace, 1989 ; also, for example, Casper & Krausch, 1980; Rothmaler et al., 1986; Oberdorfer, 1994; Rutkowski, 1998; Proćków, 2006a Hultén & Fries (1986: 93, No. 186) . Moreover, Snogerup (1972) and Kirschner (2002) stated that, 'the hexandrous form ['J. kochii'] is more common in NW Europe where it coexists with the triandrous one ['J. bulbosus'] . However it is not confined to that area.'. Duvigneaud (1979) illegitimately upheld their opinion and thus did not distinguish any separate taxon.
CONCLUSIONS
On the basis of the protologue, the examined taxonJuncus bulbosus L. subsp. kochii (F. W. Schultz) Reichg. -differs from the nominate subspecies (subsp. bulbosus) with regard to the characters specified in Table 15 (Schultz, 1855: 32; Proćków, 2006a) . Moreover, it was found that, as a result of extreme ecological variation in the morphology of the bulbous rush, only a few metric characters (pertaining exclusively to flowers and fruits) are of use when determining subspecies. Non-metric characters are more useful. It should also be noted that the features Capsule colour In places not covered by perianth, most often dark (e.g. brown or brown-beige; Fig. 2C ), although not always (Fig. 2D) , usually shiny (Fig. 2D) Light (Fig. 2F, H, I , K, L) (e.g. beige), most often matt (Fig. 2F , H, J-L) Seed length/width ratio intervals considered to discriminate between the taxa by previous authors are included, and are mainly in agreement with the results found in this study. The exceptions include the length ratio of the outer/inner perianth segments (2c ; Table 7 ), which not only has a broader range, but is also diagnostic when determining both subspecies, and the capsule/perianth length ratio (3b ; Table 11 ), which is not diagnostic. Descriptions of most of the characters have been extended (see tables). However, not all of the features considered earlier can be used to discriminate between the two taxa: for example, the number of anthers or stamens (1b, and many authors); anther/filament length ratio (1d; Fig. 3 , Table 4 ; compare Schultz, 1855) ; width of the scarious margin of the inner perianth segments (2b; Table 6 ; Kirschner, 2002) ; capsule/perianth length ratio (3b ; Table 11 ; compare Benoit, 1954; Benoit & Allen, 1968) ; and number of flowers in heads (6; Fig. 7 ; compare Rothmaler, 1966; Rutkowski, 1998) . The new characters (not mentioned previously) to distinguish between the two taxa include: the length of the outer anthers and comparison of the length of the anthers from the inner and outer whorls of the androecium (1a; Table 1 ); a combination of the number of filaments and the anther/ outer filament (or filaments of both whorls) length ratio (1b; Table 2 ); a combination of the anther/ filament length ratio and the anther length (1d ;  Table 4 ); and shoot colour (5 ; Table 14 ). Some features have been considered previously by many authors, but were not treated as diagnostic between the two analysed taxa (the data in this study show that they should be treated as such): length ratio of outer/inner perianth segments (2c; Table 3 ); length of outer perianth segments (2a; Fig. 4 , Table 5 ); and seed width and seed length/width ratio (4; Fig. 6 , Table 13 ). Thus, on the basis of the detailed analyses, the diagnostic characters of the two subspecies were specified, and a key for the reliable identification of both subspecies is given below.
In conclusion, despite the earlier reports and doubts of various authors (for example, Schultz, 1842 Schultz, -1854 Hård av Segerstad, 1923; Benoit, 1954; Lid, 1963; Benoit & Allen, 1968; Snogerup, 1972 Snogerup, , 1980 Duvigneaud, 1979; Hultén & Fries, 1986; Kirschner, 2002) , J. bulbosus subsp. kochii really exists, and many of these authors set out the differences between the two taxa. Crossings were made (using J. bulbosus as the female and J. kochii as the male parent) and seedlings were successfully raised. They were found to be morphologically intermediate between the parents, with a variable number of stamens (3-6), and produced normal pollen grains, capsules, and seed. This fertility proves that J. bulbosus and J. kochii are not specifically distinct (Benoit & Allen, 1968) . However, intermediates are very rare in the wild (data not included in this paper), which is most probably related to the somewhat different ecology of the two taxa (they grow together quite rarely). As the distribution of subsp. kochii is confined to western Europe (subsp. bulbosus occurs throughout the greater part of Europe), it is regarded as geographically distinct and as an infraspecific taxon of subspecies rank (see Stace, 1989 ; also, for example, Casper & Krausch, 1980; Rothmaler et al., 1986; Oberdorfer, 1994; Rutkowski, 1998; Proćków, 2006a) . Thus, even if 'single populations' of J. bulbosus s.l. appear to contain representatives of both taxa, this situation is only possible in the western part of Europe (but compare Snogerup, 1972 and Duvigneaud, 1979) .
Thus, from the observations of this study, my opinion is opposite to that of Snogerup (1972 Snogerup ( , 1980 , Duvigneaud (1979) , and Kirschner (2002) , who found it impossible to keep both taxa separate and regarded J. kochii F. W. Schultz simply as a synonym of J. bulbosus L. I believe that the number of characters used by some authors to identify correlations was too small (for example, '6 small stamens, a retuse capsule and acute outer tepals' by Snogerup, 1972) , because, as we know, J. bulbosus s.l. is extremely variable (this is the reason for the inclusion of the tables in this paper). Not only were certain characters of the two taxa well correlated, but also the distribution of J. bulbosus subsp. kochii is geographically limited.
